IMPACT OF HELICOBACTER PYLORI INFECTION ON HUMAN HEALTH
Helicobacter pylori (H. pylori) infection is mostly asymptomatic in its carriers, but when it affects human health, gastritis, gastric ulcers and duodenal ulcers (DU) can be induced. About 90% to 100% of all DU and 70% to 80% of all gastric ulcers are caused by H. pylori infection [1, 2] . After bacterial eradication the recurrence rate of peptic ulcer is dramatically reduced to 5%-10% [3] . In 1994, The International Agency for Research on Cancer, an arm of the World Health Organization classified H. pylori as a class I carcinogen for gastric cancer (GC), a definition given for the highest cancer causing agent [4] . As a consequence, H. pylori eradication has also been identified and adopted from several studies as a potential strategy for the primary prevention of GC [5] . Thereafter, H. pylori was identified as the causative agent of mucosa associated lymphoid tissue lymphoma [6] . Beyond its role in several gastroduodenal disorders, H. pylori has been involved in many extra-gastroduodenal manifestations, like idiopathic thrombocytopenic purpura, cardiovascular diseases, chronic liver diseases, iron-deficiency anaemia, and diabetes mellitus (DM) [7] [8] [9] . However, the Maastricht V/Florence Consensus Report of the European Helicobacter and Microbiota Study Group actually consider causal association with H. pylori only in the case of unexplained iron-deficiency anemia and idiopathic thrombocytopenic purpura [10] . Our objective was to review the current literature on H. pylori prevalence, impact on human health, treatment and challenges encountered in Africa.
On the bases of our aim, the main inclusion criteria of the articles considered were that these must have been published within 10 years (from 2009 onwards), that they were published in peer-reviewed journals and in English language and that they were performed on Africans, resident/located in Africa. Articles not meeting these inclusion criteria were excluded. Also, articles published as correspondence, letters, and conference proceedings were not considered. When no article was found in a particular African region, an exception of extending the publication year for more than 10 years was made. The search databases included MEDLINE, PUBMED, Web of Science, Scopus, the Cochrane Database of Systematic Reviews and Google scholar.
PREVALENCE OF HELICOBACTER PYLORI IN AFRICA
There is a huge paucity of data on H. pylori prevalence in the general population across different regions of Africa. The majority of data published on the prevalence of H. pylori included patients presenting with symptoms of gastroduodenal diseases. H. pylori infects over 50% of the world's population. The distribution of H. pylori is influenced by age, sex, geographical location, ethnicity, and socio economic factors [11] [12] [13] . The geographical distribution of H. pylori shows higher prevalence in the developing countries when compared to the developed countries especially in younger ages. With a majority of countries in Africa, classified as developing or underdeveloped, H. pylori is therefore mainly ubiquitous in this continent.
A systematic review with meta-analysis, carried out by Hooi et al [11] , included 184 studies, from 62 different countries, published between 1970 to 2016 on the prevalence of H. pylori infection and its worldwide distribution. Africa had the highest rate of H. pylori infection with a prevalence of 70.1%, followed by South America and Western Asia with prevalence of 69.4% and 66.6%, respectively. The authors reported that Nigeria had the highest H. pylori prevalence at 87.7% followed closely by Portugal and Estonia with a H. pylori prevalence of 86.4% and 82.5%, respectively [11] . In contrast, Zamani et al [13] in a recent meta-analysis evaluating the global prevalence of H. pylori infection found Latin America and the Caribbean to have the highest prevalence of H. pylori worldwide with a prevalence of 59.3%. Nevertheless, these authors also reported that Nigeria had the highest prevalence of H. pylori infection with a rate of 89.7%. The high prevalence of H. pylori in Africa is presumed to be influenced by sociodemographic and geographical factors [14] . In Rwanda, Southern Africa, Walker et al [15] reported 75% positivity rate to H. pylori in patients attending the University Hospital Butare over a period of 12 mo, which was found to be similar to the prevalence of other sub-Saharan African countries. A study on genomic evolution H. pylori in two South African families revealed that transmission episodes were significantly more frequent between individuals living in the same house and close relatives, however transmission did not always occur within families [16] . Comparing horizontal and familial transmission of H. pylori in Africa, Schwarz et al [17] reported that horizontal transmission occurred often between persons who do belong to a core-family, hence tainting the typical pattern of familial transmission in developed countries. This is substantiated by the work of Nell et al [18] , from Central Africa who reported the acquisition of H. pylori by Baka pygmies of Cameroon through secondary contact with their non-Baka agriculturist neighbours. The prevalence rate of H. pylori infection amongst asymptomatic patients from Harare, Zimbabwe was 67.7% [19] . In Northern Africa, a recent study in Egypt compared the prevalence of H. pylori antibodies in patients with idiopathic thrombocytopenic purpura and in the general Egyptian population [20] . Seropositivity of anti-Helicobacter IgM was higher in the general population (54.4%) when compared with patients with idiopathic thrombocytopenic purpura (28.9%). Also, seropositivity of anti-Helicobacter IgG was higher in the general population (79.8%) when compared with the controls [20] . In Morocco, Bounder et al [21] assessed H. pylori prevalence in subjects with and without symptoms of gastric disorders. The authors reported an overall H. pylori seropositivity prevalence of 92.6% among asymptomatic Moroccans and 89.6% among patients with gastric disorders.
In Eastern Africa, a study from Kenya, among patients who presented with dyspepsia, showed a prevalence of H. pylori infection of 73.3% in children vs 54.8% in adults [22] . Taddesse et al [23] reported a H. pylori prevalence of 53% in dyspeptic patients in Addis Ababa with an estimated prevalence peak in patients aged between 54-61 years. Another study by Hestvik et al [24] , in Uganda, reported a prevalence of 44.3% of H. pylori in healthy children aged 0-12 years, with identified factors of increased infection risk including source of drinking water, use of pit latrine and wealth index driving transmission. These factors coupled with re-crudescence or reinfection from multiple sources accounts for the continuous high prevalence of H. pylori infection in Africa [25] . Though the route of transmission of this infection is not well established; possible routes of transmission such as person-person, oral-oral and faecal-oral have been suggested. The ability of the pathogen to survive for some days in water buttressed the fact of possible water transmission [26, 27] . Melese et al [28] evaluated the prevalence of H. pylori in Ethiopia by different studies carried out on different populations and different geographical areas of the country. The results of their meta-analysis showed an overall pooled prevalence of H. pylori as 52.2%. The authors also reported that the prevalence of H. pylori was highest in Somali (71%) and lowest in Oromia (39.9%).
In Nigeria, West Africa, the issue of differing prevalence based on geographical location was encountered. Aje et al [29] , in a study conducted in south-west Nigeria, on dyspeptic patients, reported a 67.4% prevalence of H. pylori. In a similar study, Jemilohun et al [30] in Ibadan, reported a prevalence of 63.5% in patients with gastritis. However, Etukudo et al [31] in a study from Uyo, south-south Nigeria, reported a lower seroprevalence rate (30.9%) in children with a peak (40.7%) for the 6-10 years age group. Factors associated with high seroprevalence were increased household population (P = 0.009), source of drinking water (P = 0.014), low social class (P = 0.038), type of convenience used (P = 0.019) and method of household waste disposal (P = 0.043).
Ophori et al [32] , including healthy volunteers in Delta State in South South Nigeria, reported a prevalence of H. pylori infection of 89.7% in their study population. Ishaleku and Ihiabe reported a H. pylori infection prevalence of 54% amongst healthy university students in Nassarawa state, North Central Nigeria [33] . In contrast, Ezeigbo and Ezeigbo reported 39.7% H. pylori prevalence amongst apparently healthy adults residing in Aba, Abia State, South Eastern Nigeria [34] . A current report on the prevalence of H. pylori from patients with and without type 2 DM in South West and South South Nigeria showed a prevalence of 68.4% amongst those with type 2 DM [35] . Awuku et al [36] , using a lateral flow immunochromatographic assay for the qualitative detection of H. pylori antigen in a fecal specimen, reported a prevalence of H. pylori of 14.2% among asymptomatic children in a rural setting in Ghana. Table 1 shows the prevalence rate of H. pylori in Africa. An observation reported in all African studies was that H. pylori prevalence increased with age and that factors such as location, access to potable water and hygiene, and socio-economic status influenced the variability seen in H. pylori prevalence within and between countries.
Helicobacter pylori and socio-economic status
A study from Zambia, Southern Africa, performed by McLaughlin et al [37] showed no correlation between H. pylori infection and socio-economic factors. In Kano, NorthWest Nigeria, Bello et al [38] showed high prevalence of H. pylori particularly amongst subjects with low socioeconomic status. Factors such as unclean water source, overcrowding and cigarette smoking were significant risk factors for H. pylori infection. In contrast, in a study from South-West Nigeria, Smith et al [39] reported that most characteristics studied such as smoking, alcohol consumption and sources of drinking water were not significantly associated with H. pylori. Rather, prior antibiotic use, overcrowding, having siblings/parents with history of ulcer/gastritis had significant association. Thus, overcrowding was the main common risk factor in both studies in Nigeria.
These reports were also corroborated by Aguemon et al [40] in a study performed in Benin republic, Western African too, who reported that overcrowding and family contact with infected persons were as-sociated risk factors for H. pylori acquisition and slightly in support of these findings were reports from Cameroon, Central Africa, by Kouitcheu Mabeku et al [41] where risk factors for H. pylori acquisition were low income and family history of GC.
A study from Ghana showed that low socio-economic class and farming profession accounted for higher H. pylori prevalence [25] . Another study from the same country, including children, reported increasing household numbers, open-air defaecation and other sources of drinking water with the exception of pipe and borehole as risk factors of H. pylori [36] . A study from Egypt, Northern Africa, by El-Sharouny et al [42] reported the isolation of H. pylori from drinking water by culture and polymerase chain reaction (PCR) although at low prevalence (3.8%).
PECULIARITY OF THE IMPACT OF H. PYLORI INFECTION ON HUMAN HEALTH IN AFRICA (THE AFRICAN ENIGMA)
The natural history of H. pylori in Africa seems to differ from those in the developed countries. In fact, in this continent, the most common gastroduodenal disease associated with H. pylori infection is gastritis. Kuipers and Meijer [43] suggested that the progression of H. pylori infection to atrophic gastritis in the African population is quite similar to that reported in the Western countries or other regions, but unidentified factors could inhibit the evolution to GC. As a consequence, despite the worldwide reported association between gastric adenocarcinoma and H. pylori, the development of this malignancy is rare in Africans, a phenomenon that has been referred to as the "African enigma" [44] . This occurs even when risk factors (positivity for cagA and vacA genes) for development of cancers are ubiquitous in H. pylori isolates of African origin [45] . The term "African Enigma" was first coined by Holcombe describing the phenomenon of high prevalence of H. pylori in Africa but without a corresponding severe pathology such as GC [46] . According to this observation is the fact that the infection has different patterns from that of the Western countries, in term of age of acquisition, environmental and dietary factors, and genetics. Holcombe identified gastritis as the main health problem caused by H. pylori infection in Africa and this has been largely confirmed [46] . In Northern Africa, despite the scarcity of publications on H. pylori prevalence among patients with gastroduodenal diseases or in the general population, the few studies showed that gastritis was the most common disease associated with H. pylori infection followed by peptic ulcer. In Morocco, Boukhris et al [47] found a significant association between H. pylori infection and gastritis followed by that with peptic ulcer disease, but no significant association was seen between H. pylori and GC. Similarly, in the same country, Bounder et al [21] found chronic gastritis as the most gastric disease associated with H. pylori infection [21] . In Egypt, although GC is rare, studies with small sample size including patients with GC, found the presence of H. pylori in all [11, 13] Ghana Children 14.2 [36] East Africa Ethiopia Dyspeptic 52.2-53.0 [23] Kenya Children 73.3 [22] Adults 54. cases [48, 49] . Thus, this contrasts with the above-suggested pattern but the above reported limitation could explain the difference with the general literature.
In Eastern Africa, gastritis was the most reported common disease associated with H. pylori infection [50] [51] [52] . In Ethiopia, Alebie and Kaba found a high prevalence of H. pylori infection (71.0%) among students with gastritis [53] . Ayana et al [50] , in Tanzania, reported the prevalence of H. pylori in patients with gastroduodenal disorders. In this cohort, the authors found gastritis (61.1%), gastroesophageal reflux disease (57%), peptic ulcer disease (24.1%), and GC (6.7%). However, only gastritis and DU were significantly associated with H. pylori infection. Similarly, Oling et al [51] , in a tertiary hospital that served both Kenyans and Ugandans, evaluated the prevalence of H. pylori in dyspeptic patients. The authors found chronic non-active gastritis as the most common gastroduodenal disorder and reported a strong association between gastritis and DU with H. pylori.
There are scarce data on the prevalence of H. pylori infection among patients with gastroduodenal diseases or the general population in Central Africa. The majority of the current articles on H. pylori were reported from Cameroon, and similarly to the African literature, a strong association between gastritis and H. pylori was found. Ankouane et al [53] observed in their study that 71.2% of patients with atrophic gastritis were positive for H. pylori infection. The authors also found a statistically significant association between the severity of atrophic gastritis and H. pylori infection. This result was corroborated by Ebule et al [54] also in Cameroon, who reported that 72.8% of patients with superficial gastritis were infected with H. pylori.
In Ghana, Western Africa, a study by Afihene et al [55] found that the most common ailment among patients with gastroduodenal disorders was gastritis. However, the authors observed that the only gastroduodenal disorder significantly associated with H. pylori infection was DU. Similarly, Darko et al [56] , even in Ghana, found gastritis and DU as the two most common endoscopic findings in patients with H. pylori infection. In Nigeria, Harrison et al [57] found a significant correlation between H. pylori infection (identified by urea breath test) and chronic gastritis but did not find such association with other disease outcomes.
Tanih et al [58] , in the Eastern Cape Province of Southern Africa, reported that the prevalence of H. pylori, in patients suffering from gastric-related morbidities, was 66.1% and highest in patients with nonulcer dyspepsia. Though the pathogenicity of the circulating H. pylori strain may influence its clinical manifestation, nonetheless, mild pathogenicity and low incidence of GC in Africa is recorded even in the face of high prevalence of highly pathogenic H. pylori strains [57] . This further corroborates the African enigma. Probably, the latter results from a combination of three major causes: The cancer cause potential of the specific strains of H. pylori, the modulation by coinfections of the immune response towards a Th-2 type, and the preponderance of antioxidants in the diet. In the traditional epidemiologic model the combination of these factors forms a web of causation whose dynamics most likely differs in the groups where the enigma has been reported. The modulation of the immune system by coinfections, such as with helminthes, plays a prominent role influencing the impact of H. pylori infection [59] .
CHALLENGES ON THE PREVALENCE OF HELICOBACTER PYLORI IN AFRICA
Some of the challenges in estimating the prevalence of H. pylori in Africa have already been mentioned above. Prevalence of H. pylori is variable within and between countries, different population groups, and the testing method used [60] . Problems of paucity of data or lack of recent articles, even in the last ten years were encountered for some regions in Africa. Studies such as the meta-analysis by Melese et al [28] identified that, in Ethiopia, despite the high prevalence of H. pylori there was a decreasing pattern in the trend of infection over the years [28] . Hence, using such old data for some African regions may not provide a good representative of the current prevalence of H. pylori in such regions and in the continent.
Another challenge faced in reporting the prevalence of H. pylori in Africa is that a majority of the studies focused on patients with symptoms of gastroduodenal disease. Considering that H. pylori has been identified as the main causative organism for gastric disorders, using data from such studies would overestimate the prevalence of H. pylori in Africa. Even studies that evaluated the prevalence of H. pylori in asymptomatic people were hospital-based cross-sectional studies and not community studies or population data. Carrying out a random selection of people in the community or even cross-sectional studies of people in the different African regions will provide a more accurate prevalence of H. pylori in Africa.
Another major challenge in estimating the prevalence of H. pylori in Africa is the different choice of the screening test used to identify the presence of the bacterium. A majority of the studies used blood serology to test for antibodies against H. pylori. This greatly influenced the estimated prevalence of H. pylori in Africa. In fact, according to Hanafi et al [20] getting a positive result when testing for the presence of H. pylori antibodies in the blood or serum does not distinguish between previous contact and active infection.
Several studies comparing the use of different tests on the estimated prevalence of H. pylori infection showed that the method significantly affects the prevalence of H. pylori infection. Asrat et al [61] compared H. pylori culture, rapid urease test, PCRdenaturing gel electrophoresis, histopathology, silver staining, stool antigen test and enzyme immunoassay assay. The authors found that H. pylori infection prevalence varied significantly based on the detection method used. They reported a prevalence of 69%, 71%, 91%, 81%, 75%, 81% and 80% using culture, rapid urease test, PCRdenaturing gel electrophoresis, histopathology, silver staining, stool antigen test and enzyme immunoassay assay, respectively [61] . Similar disparities was seen in the study by Harrison et al [57] with varying results using urea breath test, culture and a rapid urease test. Seid and Demsiss compared the stool antigen test with a serum anti-H. pylori IgG test. The authors found a detection rate of 30.4% and 60.5%, respectively [60] . Another challenge that affects estimating the prevalence of H. pylori infection in Africa is its dynamics. In most Western countries, H. pylori infection prevalence reduces with age. However, this has not been documented in most African countries where the reverse has been observed. Some of the studies found on the prevalence of H. pylori in asymptomatic patients or done in the community focused on children [36] . Melese et al [28] , in their systematic review and meta-analysis, noted that in Ethiopia the prevalence of H. pylori increased with age [28] . A similar trend was reported by Mungazi et al [19] in Zimbabwe. This could reflect the so-called cohort-effect but considering that the prevalence of H. pylori may change from childhood to adulthood, using reports on a population group may under or overestimate the real epidemiology in that region.
TREATMENT OF H. PYLORI IN AFRICA: THE ACTUAL SCENARIO
Literature data recommend the use of a combination of proton pump inhibitors (PPIs) and antimicrobials to treat H. pylori. The Maastricht V Consensus Report recommends that the first-line regimen should be based on PPI drugs, clarithromycin and amoxicillin or metronidazole for 14 d in regions with low clarithromycin resistance. In areas where a resistance rates of over 15%-20% for clarithromycin is recorded, the bismuth-containing quadruple therapy or concomitant therapy (including 3 antibiotics and a PPI) are recommended. Second line treatment should be based on the need to carry out an endoscopy. When this approach is requested, culture and standard antimicrobial susceptibility testing (AST) should be performed to lead to the more appropriate therapy. When endoscopy is not requested or is not possible, the rationale of the second-line treatment is to drop the empirical use of clarithromycin, due to the high possibility that strains of H. pylori-resistant to clarithromycin have developed. The use of levofloxacin-containing triple therapy, as a rescue therapy following the failure of the standard triple therapy, is a reasonable alternative when local fluoroquinolone resistance is < 10%. Third line therapy should be guided by AST only [10] . In Africa, there are no guidelines addressing H. pylori treatment in all countries of the continent. Nevertheless, the actual African scenario is enriched year by year by publications reporting the results of randomized clinical trials (RCT) or real-world data as well as the results of microbiological and genotypic analysis of bacterial resistance to antimicrobials.
STUDIES ON CLINICAL EFFICACY OF ANTIMICROBIALS FOR H. PYLORI ERADICATION IN AFRICA
The African pattern of H. pylori eradication rates could be described analyzing the macro-regions of this continent. In Tunisia, North Africa, the eradication rate has been reported significantly higher among patients treated by omeprazole, amoxicillin and clarithromycin (69.6%) compared to those treated with omeprazole, amoxicillin and metronidazole (48.7%) [62] . In Morocco, the results of two clinical trials based on the treatment with a clarithromycin-based triple therapy, indicated a high rate of H. pylori-resistance to clarithromycin. The first showed an eradication rate inferior than 80% [intention to treat (ITT) analysis: 78.2; per protocol (PP) analysis: 79.6] [63] . The second showed a reduction in terms of eradication rates obtained by this regimen (ITT: 65.9; PP: 71) [64] , indirectly suggesting an increased resistance rate to clarithromycin.
In Egypt, an attempt to found new antibiotic regimens has been reported. Two hundred and 24 patients with dyspeptic symptoms and H. pylori-infection were enrolled in a randomized study. Patients in group 1 received nitazoxanide (an antibiotic with characteristics similar to metronidazole) 500 mg twice daily, clarithromycin 500 mg twice daily, and omeprazole 40 mg twice daily for 14 d. Patients in group 2 received metronidazole 500 mg twice daily, clarithromycin 500 mg twice daily, and omeprazole 40 mg twice daily for 14 d. To assess the eradication rate, the stool antigen test was performed 6 wk after cessation of these treatments. The eradication rate was significantly higher in group 1 than in group 2. According to PP analysis, 106 cases (94.6%) of 112 patients who completed the study in the former group obtained complete cure vs 60.6% of 104 patients who completed the study in group 2, (P < 0.001). Thus, nitazoxanide is a promising antibiotic for the first-line therapy of H. pylori eradication [65] . In Nigeria, West Africa, a RCT comparing a 7-d vs a 10-d regimen of rabeprazole, amoxicillin and clarithromycin was carried out in 50 H. pylori positive patients with several gastroduodenal symptoms. The average eradication rate was 87.2% without significant difference between the two regimens [66] . In Kenya, East Africa, a RCT including 120 H. pylori positive dyspeptic patients, compared the efficacy of a 7-d vs a 14-d regimen using esomeprazole, amoxicillin and clarithromycin. The eradication rates, according to the ITT analysis, were 76.7% and 73.3% for 7 and 14 d respectively, while the eradication rates by PP analysis were 92% and 93.6% for 7 and 14 d, respectively. Thus, there was no significant difference between these two regimens [67] . In Rwanda, Central Africa, Kabakambira et al [68] conducted a RCT from November 2015 to October 2016. The authors enrolled 299 dyspeptic patients with several gastroduodenal diseases and H. pylori infection. All subjects were randomized to either a triple therapy, for 10 d, containing omeprazole, amoxicillin and one among clarithromycin/ciprofloxacin/metronidazole or a quadruple therapy containing omeprazole, amoxicillin, ciprofloxacin and doxycycline. The rate of H. pylori eradication was 80% in the total population and 78% in patients without a history of previous triple therapy treatment. Considered globally, the results showed a higher risk of failure in the metronidazole-based group although this was insignificant (36%, P = 0.086).
STUDIES ON LABORATORY-BASED ANTIMICROBIAL RESISTANCE OF H. PYLORI IN AFRICA
Antimicrobial resistance of H. pylori is a key factor associated with eradication failure. The prevalence of such resistance varies amongst different geographical areas and has increased globally.
Focusing on North Africa, in Egypt AST showed high phenotypic metronidazole resistance (100%) of H. pylori to metronidazole and low resistance to other tested antimicrobials [69] . Recently, the Cairo's University Hospital investigated the same issue, using molecular methods, in a study including 70 H. pylori positive biopsies of patients never treated for this infection. In 62.9% of the samples, the rdxA gene deletion (marker of metronidazole re-sistance) was detected, while analyzing the H. pylori 23S rRNA V domain, the A2142G mutation (marker of clarithromycin resistance) was shown in 55.7% of the cases [70] . The difference of results between these two studies may be explained by at least two factors. The first is the different age of patients included. In the latter, patients were > 18 years old while in the former patients were 2-17 years old, a group at higher risk of exposition to metronidazole for the treatment of parasitic infections. The second factor is the method used. In fact, in the former study the antibiotic resistance was evaluated by culture and in vitro AST [69] , a method that have the tendency to overestimate resistance. In the latter study, metronidazole resistance was detected through genetic analysis [70] . In Tunisia, using both E-test and real-time PCR with Scorpion primers, resistances to clarithromycin and metronidazole were 15.4% and 51.3% respectively, with 0% resistance to amoxicillin. No discrepancy between the two methods was reported [71] . In Algeria, the prevalence of H. pylori resistance to clarithromycin was 33% [72] . In another study, in the same country, H. pylori isolates were sensitive to amoxicillin, tetracycline, rifampicin, but exhibited a high rate of resistance to metronidazole (61.1%) and a lower rate of resistance to clarithromycin (22.8%) and ciprofloxacin (16.8%). There was no statistically significant relationship found between vacA and cagA genotypes and antibiotic resistance results with the exception of metronidazole, for which there was a statistically significant relationship with cagA genotype (P = 0.001) [73] . In another prospective study carried out in Algeria between November 2015 and August 2016, isolation of H. pylori by culture was performed on antral and fundic gastric biopsies of adult patients from 3 hospitals. Additionally, real-time PCR using the fluorescence resonance energy transfer principle for the detection of H. pylori followed by a melting curve analysis to detect mutations associated with resistance to clarithromycin was employed. The prevalence of H. pylori infection was 57% using this technique with primary and secondary resistance rates to clarithromycin being 23% and 36%, respectively, and to metronidazole, 45% and 71%, respectively. All isolates were sensitive to amoxicillin, tetracycline, and rifampicin while only one isolate was resistant to levofloxacin [74] . In a study from Morocco, the primary resistance of H. pylori to clarithromycin was 28.2%. It was noted that women more often than men were infected with a resistant strain of H. pylori (38% vs 18%, P = 0.044). Using Scorpion PCR among 22 biopsies positive for H. pylori, 15 (68%) harbored an A2142G mutation, 6 (27%) an A2143G mutation, and 2 (9%) an A2142C mutation. The remaining H. pylori positive biopsy harbored a mixture of both A2142G and A2143G mutations. In 16 (77%) biopsies, a mixed infection with a susceptible and a resistant strain was reported [75] . Hence, considering that the resistance rate to clarithromycin is largely over the 15%-20% threshold put forward by the Maastricht V Consensus Report [10] , it is appropriate to quit the clarithromycin-based treatment as a first-line strategy in several areas of North Africa.
In Senegal, West Africa, it was reported that the bacterial isolates showed a high rate of resistance to metronidazole (85%), low rate of resistance to clarithromycin (1%), and no resistance to amoxicillin and tetracycline [76] . In another study from Senegal, H. pylori resistance to metronidazole ranged from 85%-90%, that of clarithromycin ranged from 0-1% and the reported susceptibility to amoxicillin and ciprofloxacin was 100% [77] . In Nigeria, Aboderin et al [78] in the year 2007 reported multiple H. pylori resistance to amoxicillin (100%), clarithromycin (100%) and metronidazole (100%), as determined by disc diffusion test. Resistance to rifampicin, tetracycline and ciprofloxacin were 93.5%, 87.1% and 15.6% respectively. A total of 5 distinct antibiograms were encountered in the 32 H. pylori strains and the patterns varied with resistance ranging from 4 to 6 antimicrobial agents. Interesting, the profile of ciprofloxacin resistance was significantly different from that reported in 2005, when 0% of resistance was published by Albdulrasheed et al [79] . Another Nigerian study, published in 2017, reported by phenotypic evaluation a high resistance rate to metronidazole (99.1%), and decreasing resistance rates to amoxicillin (33.3%), clarithromycin (14.4%) and tetracycline (4.5%) [57] . In Gambia, using DNA transformation and sequencing, Secka et al [80] investigated the role of the gene rdxA in metronidazole susceptibility. Metronidazole-resistant strains of H. pylori were rendered metronidazole susceptible by transformation with a functional rdxA gene; conversely, metronidazole-susceptible strains were rendered metronidazole resistant by rdxA inactivation. RdxA sequencing revealed many mutations amongst their H. pylori strains, which probably explains inactivation of rdxA in metronidazole-resistant strains. None of the isolates were resistant to cla-rithromycin and erythromycin while amoxicillin and tetracycline resistances were rare. These data suggest that in Gambia, the use of metronidazole-based therapies for H. pylori eradication should be considered with caution [80] . In Congo, Central Africa, by using molecular methods, H. pylori resistance to clarithromycin and tetracycline were surprisingly low (1.7 and 2.5% respectively) but a high rate of resistance (50%) to fluoroquinolones was reported [81] . A study from Cameroon reported high resistance rates to tetracycline, clarithromycin and metronidazole (44.7%, 85.6% and 93.2%, respectively) [82] . In Uganda, analyzing by molecular methods stool samples of patients with peptic ulcer disease, among samples positive for H. pylori infection, 29% were resistant to clarithromycin and 42% to fluoroquinolones [83] . In East Africa, H. pylori strains had resistance rates of 0-6.4% to clarithromycin, 0-6% to amoxicillin, 0-1.9% to tetracycline but had 4.6% to 100% resistance to metronidazole [22, 84, 85] . Hence, in these countries a clarithromycin-based therapy could represent an appropriate therapeutic strategy.
In South Africa, H. pylori resistance rates were 0% for ciprofloxacin, 2.5% for amoxicillin, 20% and 27.5% for clarithromycin and gentamicin, while the resistance rate to metronidazole was very high (95.5%) [86] . The antibiotic resistance profile changed analyzing data region by region and over the time. In another study, published 3 years after, the same group reported a similar H. pylori resistance to clarithromycin (15.3%) but a higher resistance rate (10.2%) to fluoroquinolones [87] . Finally, in a systematic review with meta-analysis Jaka et al [88] investigated the magnitude of H. pylori antibiotic resistance in Africa. Considering 26 articles, the overall H. pylori resistance rates to fluoroquinolones, clarithromycin, tetracycline, metronidazole and amoxicillin were: 17.4%, 29.2%, 48.7%, 75.8%, and 72.6%, respectively. As expected, the commonest mutation detected for resistant strains were A2143G for clarithromycin, RdxA for metronidazole and D87I for fluoroquinolones. Figure 1 shows an overview of the laboratory-based antimicrobial resistance of H. pylori in Africa. Taking together these data suggest that in several African countries, a clarithromycin-based first-line regimen should be abandoned and the surveillance of antibiotic resistance should lead empirical treatments where an AST is not available.
CONCLUSION
H. pylori remains highly prevalent in Africa. However, even in the face of highly pathogenic H. pylori, the clinical manifestations of this infection are still mild. Several factors, which have not been fully studied, fuel this intriguing issue and there is a need for further research to identify host factors that may explain the "African enigma" . The current prevalence of H. pylori in the different African regions does not seemingly provide an accurate view of the prevalence of H. pylori in the continent. It is necessary to carry out studies that will provide population data, and that will use highly accurate methods to correctly detect the presence of H. pylori. However, considering that such research may be expensive in a low resource continent like Africa, meta-analyses grouping data of the different African countries or of the different regions could provide a pooled and better estimate of the prevalence of H. pylori infection. Since H. pylori infection represents a major challenge in Africa, two major issues should be considered, in terms of prevention and cure. First, the possibility of preventing H. pylori acquisition is linked to the availability of a vaccine and to the amelioration of hygienic conditions of the general population [89] [90] [91] . However, the fact that H. pylori infection induces strong humoral and cellular immune responses, and that the latter are not able to eliminate the bacterium, raises doubts about the possibility of developing an effective vaccine. Second, in terms of cure, it should be detailed in each country the pattern of H. pylori antibiotic resistance. This is mandatory to establish the more appropriate treatment. Where these data would be available, the epidemiologic surveillance over time should lead clinicians to the choice of the best option. 
